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(19) is formed on said first surface (18), and a heat-gen- 


erating circuit component (13) is facedown-bonded in 
said cavity (19). Heat generated in the circuit component 
(13) is radiated to the mother circuit board through a 
heat radiation plate (14). 
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Description 

Background of the Invention 
Field of the Invention 

[0001] The present invention relates to a hybrid mod- 
ule comprising circuitry constructed by integrating pas- 
sive components, such as multilayer ceramic capaci- 
tors, and active components, such as semiconductor 
devices, on its substrate on which circuit patterns are 
formed. 

Descnplion of the Related Art 

[0002] Conventional hybrid modules which has heat- 
generaiing components, such as field-effect transistors 
(FETs) and power semiconductor devices, on their sub- 
strate are known including one which has a structure 
described beiow 

[0003] The hybiid module has chip-form electronic 
components such as multilayer ceramic capacitors, 
and a heai-generating circuit component, such as a 
semiconductor device, including FETs, on the top sur- 
face of its substrate The substrate is an aluminum-ni- 
tride-based ceramic substrate of good thermal conduc- 
tivity. The chip-form electronic components are soldered 
to a land on the substrate. The circuit component is 
bonded to a land through solder bumps. Terminal elec- 
trodes of the hybrid module are formed on the sides of 
the substrate. 

[0004] The hybrid module is mounted on a mother cir- 
cuit board with its bottom, on which the circuit compo- 
nent is not formed, being opposed to the mother circuit 
board. When mounted, theterminal electrodes of the hy- 
brid module are soldered to circuit patterns formed on 
the mother circuit board. An electrically conductive film 
formed on the mother circuit board is positioned be- 
tween the substrate and mother circuit board. The elec- 
trically conductive film is made of nnaterial having good 
thermal conductivity so that heat generated in the hybrid 
module is efficiently transferred to the mother circuit 
board. In the hybrid module, heat generated by the com- 
ponents mounted on the substrate is transferred 
through the conductive film to the mother circuit board 
and radiated. 

[0005] Thermal transfer in this hybrid module is inef- 
ficient because heat generated in the circuit component 
Is transferred to the substrate through the solder bump 
of the circuit component, then to the mother circuit board 
through the conductive film. In addition, aluminum-ni- 
tride-based ceramics are expensive and uneconomical 
compared to common alumina-based substrate materi- 
als. 

Summary of the Invention 

[0006] It is an object of the present invention to pro- 


vide a hybrid module which achieves efficient heat radi- 
ation and lends itself to size reduction, and methods for 
manufacturing and mounting thereof. 
[0007^ To achieve the above object, the present in- 

s vention proposes a hybrid module comprising a sub- 
strate and a heat-generating circuit component mount- 
ed on said substrate, said hybrid module being mounted 
on a mother circuit board with a first surface of said sub- 
strate, opposed to said mother circuit board, said hybrid 

10 module characterized in that a cavity is formed in said 
first surface of said substrate and said circuit component 
is facedown -bonded into said cavity. 
[0008] According to the present invention, since the 
circuit component is facedown-bonded into the cavity 

15 formed in the first surface of the substrate, heat gener- 
ated in the circuit component is transferred to the mother 
circuit board without passing through the substrate. 
Thus, the thermal conductivity of the hybrid module is 
improved to provide good heat radiation. Furthermore, 

20 the size of the hybrid module is reduced because the 
circuit component is mounted in the cavity. 
[0009] Other objects, effects, and construction of the 
present invention will be apparent from the following de- 
tailed description. 

25 

Brief Description of the Drawings 
[0010] 

30 Fig. 1 is a cross-sectional view of a hybrid module; 

Fig. 2 is an exterior perspective view of the hybrid 
module viewed from under a first surface thereof; 
Fig. 3 is an enlarged view of a part of the hybrid 
module of Fig. 1; 
35 Fig. 4 shows a method for manufacturing a sub- 
strate; 

Fig. 5 shows a method for manufacturing the sub- 
strate; 

Fig. 6 is a cross-sectional view of the hybrid module 
"^0 mounted on a mother circuit board; 

Fig. 7 is an exterbr perspective view of a hybrid 
module according to another exemplary embodi- 
ment, viewed from under a first surface thereof; 
Fig. 8 is a cross-sectional view of a hybrid module 
^5 according to another exemplary embodiment; 

Fig. 9 is a cross-sectional view of a hybrid module 
according to another exemplary embodiment; and 
Fig. 1 0 is a cross-sectional view of a hybrid module 
according to another exemplary embodiment. 

so 

Description of the Preferred Embodiments 

[0011] A first embodiment of the present invention will 
be described with reference to Figs. 1 to 3. Fig. 1 is a 
55 cross-sectional view of a hybrid module. Fig. 2 is an ex- 
terior perspective view of the hybrid module viewed from 
under its first surface, and Fig. 3 is an enlarged view 
showing a part of the hybrid module shown in Fig. 1 . 
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[001 2] The hybrid module 1 0 mainly comprises a sub- 
strate 11, a plurality of chip-form electronic components 
12 mounted on the substrate 11 , a heat-generating cir- 
cuit component 1 3 such as a semiconductor device, and 
a heat radiation plate 1 4 for transferring heat generated 
in the circuit component 13 to a mother circuit board. 
The outer dimensions of the hybrid module 10 are, for 
example, approximately 7X7x2 mm^. 
[0013] The substrate 11 is comprised of a multilayer 
substrate made of rectangular parallelepiped alumina- 
based ceramics. Specifically, it is comprised of a multi- 
layer substrate made of ceramics made by blending 
PbO-BgOs-SiOg (borosilicate) with AI2O3 (alumina). The 
coefficient of linear expansion a1 of the substrate 11 is 
5 ppm/°C. The coefficient of water absorption of the sub- 
strate 11 is 0.1% or less, 

[0014] Circuit patterns 15 and via holes 16 are formed 
on the upper surface and internal layers of the substrate 
11. Terminal electrodes 17 are fomned on the side sur- 
faces of the substrate 11 which connect to said circuit 
patterns 1 5. The terminal electrodes 1 7 are used to con- 
nect the substrate 11 to the mother circuit board when 
the substrate 11 is mounted on the mother circuit board. 
A cavity 19 is formed in the bottom surface of the sub- 
strate 11, that is, a first surface 18 which is opposed to 
the mother circuit board when mounted onto the mother 
circuit board. The cavity 1 9 receives the circuit compo- 
nent 13 and the heat radiation plate 14. The cavity 19 
has a two^terraced structure. That is, the cavity 1 9 con- 
sists of a first cavity 20 formedTn the first surface 18 and 
a somewhat smaller second cavity 21 formed in the bot- 
tom of the first cavity 20. On the bottom of the second 
cavity 21 . the circuit patterns 15 connecting to the circuit 
component 13 are formed. 

[0015] The chip-form electronic components 12 con- 
stitute the hybrid module. They include, for example, 
multilayer ceramic capacitors and laminated inductors. 
The chip-form electronic components 12 are mounted 
on the circuit patterns 15 formed on a second surface 
22 opposite to the first surface 18. 
[001 6] The circuit component 1 3 is a heat-generating 
semiconductor device, for example, GaAsMES typed 
field-effect transistors (FFTs). As the circuit component 
13, those components are used, which have a coeffi- 
cient of linear expansion a2 that is approximately equal 
to 70the coefficient of linear expansion a1 of the sub- 
strate 11 (a1 = a2). For example, components which 
have an o2 value of 6 ppnn/*C. 

[0017] The circuit component 13 is mounted on the 
bottom of the second cavity 21 by facedown-bonding. 
In this embodiment, flip-chip bonding is used. That is, 
the circuit component 13 is a flip chip having a plurality 
of terminal electrodes on the surface opposed to the bot- 
tom of the second cavity 21 . Each of the terminal elec- 
trodes of the circuit component 13 is connected to the 
circuit pattern 15 formed on the second cavity 21. Re- 
gions of the gap between the circuit component 13 and 
the bottom of the second cavity 21 , where the terminal 


electrodes of the circuit component 1 3 are not formed, 
is filled with sealing resin 23. 

[0018] Major purposes of using sealing resin 23 are 
to prevent moisture from entering into the circuit com- 

s ponent 13andtofixthecircuitcomponent 13tothesub- 
strate 11. Preferably, the sealing resin 23 has a linear 
expansion coefficient a3 which is approximately the 
same as the value of a1 and o2 of the substrate 11 and 
circuit component 13 (a1 = a2 = a3). In the present em- 

-io bodiment, epoxy-based resin is used as the sealing res- 
in 23. The sealing resin 23 having a linear expansion 
coefficient approximately equal to that of the substrate 
11 and circuit component 13 relieves stress caused by 
temperature variations during, for example, heat cycle 

^5 test, to prevent delaminating of the resin 23. Thus, the 
poor electrical connection between the circuit compo- 
nent 13 and substrate 11. and a decrease in moisture 
resistance are prevented. Also the possibility of damage 
to the circuit component 1 3 which may be caused by the 

20 above mentioned delaminating is significantly reduced. 
Thus, the reliability of the hybrid module 10 is improved. 
[0019] The following connections between the termi- 
nal electrodes of circuit component 13 and circuit pat- 
terns 15 may be used, for example: soldering connec- 
ts tion, conductive resin connection, anisotropic conduc- 
tive resin (ACF) connection, and connection by forming 
ball bumps containing gold (Au) on the circuit patterns 
15 and then performing thermosonic bonding. 
[0020] The connection made by conductive resins is 

30 advantageous in that it-can -be provided-at lower cost, _ 
In addition, conductive resin provides high reliability be- 
cause it absorbs stress. The connection made by ani- 
sotropic conductive resin eliminates the need of sealing 
resin, resulting in cost reduction. 

35 [0021] The connection made by forming ball bumps 
on the circuit patterns 15 and performing thermosonic 
bonding reduces possibility of damage to the circuit 
component 13 which may be caused by plating, be- 
cause the connection Is made in dry processes. In ad- 

40 dition, tooling cost is reduced and time required for 
mounting the circuit component 13 on the substrate 11 
is also reduced. That is, the mounting cost is reduced. 
Furthermore, the Au-Au junction provides reduced con- 
tact resistance, resulting in improved reliability. 

45 [0022] The soldering connection does not require 
high mounting precision because positioning correction 
is provided by self-alignment. In addition, It provides re- 
duced possibility of damage to circuit component 1 3 be- 
cause the component is mounted under a low load. Fur- 

so thermore, it provides high reliability because solder 
bumps absorb stress. 

[0023] The heat radiation plate 14 is bonded to the 
circuit component 13 and the bottom of the first cavity 
20 by a thermal-conductive resin 24. The heat radiation 
55 plate 14 is a plate having length and width enough to 
cover the opening of the second cavity 21 entirely and 
fit into the first cavity 20. The surlace of the heat radia- 
tion plate 1 4 is positioned substantially coplanar with the 
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first surface 18. 

[0024] The heat radiation plate 1 4 is made of a mate- 
rial of high thermal conductivity. More particularly, it is 
made of a material having a linear expansion coefficient 
a4 which is approximately equal to the linear expansion s 
coefficient a2 of the circuit component 1 3 (a2 = a4). For 
example, 42 alloy (composition of nickel and iron at a 
rate of 42:58. respectively) having a linear expansion 
coefficient a4 of 7 ppnn/°C may be used. The surface of 
the heat radiation plate 14 has a predetermined surface 
roughness (for example, average arithmetic roughness 
of 1 .0 |im) provided by polishing. In addition, the surface 
of the heat radiation plate 14 is plated with= for example, 
Au, in order to improve solderbility. 
[0025] The purpose of the thermal-conductive resin 
24 is to fix the heat radiation plate 1 4 on the circuit com- 
ponent 1 3 and to effectively transfer heat generated in 
the circuit component 13 to the heat radiation plate 14. 
The thermal-conductive resin 24 bonds the circuit com- 
ponent 13 to the heat radiation plate 14 as described 
above. The gap between the sides of the heat radiation 
plate 14 and the sidewalls of the first cavity 20 and be- 
tween the sides of the circuit component 1 3 and the sec- 
ond cavity 21 are filled with the thermal-conductive resin 
24. 

[0026] Preferably, the thermal-conductive resin 24 
has a high coefficient of thermal conductivity. In addition, 
the thermal-conductive resin 24 preferably has a linear 
expansion coefficient ot5 which is approximately equal 
to the value of a2 and a4 of the circuit component 13 
and the heat radiation plate 1 4 (ct2 =: a4 = a5). The ther- 
mal-conductive resin 24 having a linear expansion co- 
efficient approximately equal to that of the circuit com- 
ponent 13 and heat radiation plate 14 absorbs stress 
caused by temperature variations during, for example, 
heat cycle test to prevent the thermal-conductive resin 
24 from being delaminated from the circuit component 
13 and the heat radiation plate 14. This prevents an in- 
crease in the thermal resistance and a decrease in mois- 
ture resistance between the circuit component 13 and 
heat radiation plate 14. Also the possibility of damage 
to the mother circuit board 1 3 which may be caused by 
the above mentioned delaminating is significantly re- 
duced. Thus, the reliability of the hybrid module 10 is 
improved. 

[0027] A box-shaped metal casing 30 is provided to 
cover the upper surface of the hybrid module 10. The 
metal casing 30 protects components and the substrate 
1 1 of the module 10 and prevents various types of noise 
from entering into the hybrid module 10 and emanating 
from the hybrid module 10. 

[0028] The dimensions of the first cavity 20, the sec- 
ond cavity 21 , and the heat radiation ptate 1 4 of the hy- 
brid module 10 are defined as follows: 
[0029] First, the dimensions of the second cavity 21 
will be described. The width and length of the second 
cavity 21 are defined such that a predetermined dis- 
tance A1 between the sidewall of the second cavity 21 


and the circuit component 13 is provided, as shown in 
Fig. 3. Here, the predetermined distance A1 is deter- 
mined in such a way that the circuit component 13 is 
easily fitted in the second cavity 21 and easily positioned 
during mounting the circuit component 1 3 in the cavity. 
More particularly, it is desirable that the predetermined 
distance A1 be from 0. 1 mm including to 1 .0 mm includ- 
ing. The depth of the second cavity 21 is defined such 
that the depth of the second cavity 21 is a predetermined 
distance A2 smaller than the height from the bottom of 
the cavity 21 to the backside of the circuit component 

13 when the circuit component 13 is mounted on the 
bottomof the cavity 21. Here, the predetermined dis- 
tance A2 is determined in such a way that the thickness 
of the thermal-conductive resin 24 between the heat ra- 
diation plate 14 and circuit component 13 has a certain 
value. More specifically, it is desirable that the predeter- 
mined distance A2 be from 0 mm Including to 0.2 mm 
including. This applies to an embodiment where a plu- 
rality of circuit components 1 3 is mounted in the second 
cavity 21 . In the embodiment illustrated herein, the dis- 
tance A2 is not shown because A2 = 0. 

[0030] Now, the dimensions of the first cavity 20 will 
be described. The width and length of the first cavity 20 
are defined such that a predetermined distance A3 be- 
tween its sidewall and the edge of the second cavity 21 
is provided. That is, the width and length of the opening 
of the first cavity 20 is a predetemnined distance A3 
greater than those of the opening of the second cavity 
21 . More particularly, it is desirable that the predeter- 
mined distance A3 be from 0.1 mm including to 0.5 mm 
including. The depth of the first cavity 20 is defined so 
as to be within a predetermined range with respect to 
the heat radiation plate 14. The predetermined range is 
detennined so that the surface of the heat radiatbn plate 

14 is substantially flush with the first surface IB. More 
specifically, it is desirable that the predetermined range 
be between -0.1 mm including and +0.1 mm including. 
[0031] Now, a method for manufacturing the hybrid 
module will be described. 

[0032] First, alumina-based ceramic green sheets 
101 - 104 are laminated as shown in Fig. 4. then the 
laminated sheets are bonded under pressure. Then, the 
resulting structure is baked to create the substrate 11. 
[0033] Here, via holes and circuit patterns are formed 
in each of the green sheets 101 - 104. Using Cu or Ag 
for the circuit patterns will improve the heat radiation and 
high-frequency characteristics of the substrate 11. 
[0034] On the bottom green sheet 104 an opening 
104a whose shape corresponds to the first cavity 20 is 
formed. On the green sheet 1 03 stacked on the green 
sheet 104 an opening 103a whose shape corresponds 
to the second cavity 21 is formed. These openings are 
formed by perforating the green sheets with a punch. 
[0035] A press 40 which fits into the cavity is used in 
bonding the green sheets 101 - 104, as shown in Fig. 5. 
Thereby, a uniform density, of the entire substrate 11 is 
obtained. In addition, bumps can be easily formed inside 
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the cavities because the surface roughness of inner sur- 
face of the cavities of the substrate 11 is reduced to ap- 
proximately 10 Jim or less. 

[0036] Next, ball bumps are formed on the circuit pat- 
terns 1 5 formed on the bottom of the second cavity 21 s 
of the substrate 11. The circuit component 13 is then 
connected to the ball bumps by a method such as ther- 
mosonic bonding. Then the gap between the circuit 
component 13 and the bottom of the second cavity 21 
is filled with the sealing resin 23 by injecting it from a 
side of the circuit component 13 into the second cavity 
21. 

[0037] Next, the thermal-conductive resin 24 is inject- 
ed into the surface of the circuit component 13. There- 
after, the heat radiation plate 14 is placed in the first cav- 
ity 20 and pressed in the direction of the circuit compo- 
nent 13 to bond to It. Thereby, the gaps at the side of 
the heat radiation plate 14 and the circuit component 1 3 
are also filled with the thermal-conductive resin 24. The 
thermal-conductive resin 24 of constant thickness can 
be formed between the heat radiation plate 14 and the 
circuit component 13 because the end of the heat radi- 
ation plate 1 4 is restrained by the bottom end of the first 
cavity 20, that is, the stepped part of the cavity 1 9^ during 
bonding. 

[0Q38] Next, chip-formed electronic components 12 
are soldered onto the second surface 22 of the substrate 
11. Finally, the metal casing 30 is provided to cover the 
substrate 11 to^compjete the hybrid module 10. 
[0039] Thus, uniform density is achieved over the en- 
tire substrate 1 1 by laminating a plurality of green sheets 
101 to 104 to form the substrate 11 as a multilayer sub- 
strate and by laminating the green sheets 103 to 104 
having openings 103a, 104a to form the cavity 19. Oth- 
erwise, locally different density inside the substrate 
would be provided by laminating green sheets which 
have no opening, then forming the cavity by a method 
such as pressing. This ununiformity would cause a warp 
in the substrate due to variations in ambient humidity or 
t emp e rat u re , r es u It i n g i n discon n ect ton of th e c i rc u (t pat- 
terns or considerably lowered mounting quality of the 
circuit component. On the contrary, the substrate 1 1 fab- 
ricated as described above has uniform density over the 
entire region. Thus, the above mentioned defects are 
prevented. 

[0040] Now, a method for mounting the hybrid module 
10 onto a mother circuit board 50. As shown in Fig. 6, 
circuit patterns 51 are formed on predetermined posi- 
tions on the mother circuit board 50 for connecting to 
the terminal electrodes 17 of the hybrid module 10. A 
thermal-conductive film 52 is formed in a position op- 
posed to the heat radiation plate 14 when the hybrid 
module 10 is mounted. The thermal-conductive film 52 
is an electrically conductive film made of, for example, 
a copper-based material, and formed on the mother cir- 
cuit board 50 similarly as the circuit patterns 51. To 
mount the hybrid module 10 on the mother circuit board 
50, the terminal electrodes 1 7 are soldered to the circuit 


patterns 51 and the heat radiation plate 14 is soldered 
to the thermal-conductive film 52. 
[0041] By providing solder joints not only for the ter- 
minal electrodes 17 but also for the heat radiation plate 
14 of the hybrid module 10 as described above, heat 
generated in the circuit component 1 3 is efficiently trans- 
ferred to the mother circuit board 50. In addition, be- 
cause the heat radiation plate 1 4 is soldered to the ther- 
mal-conductive film 52, the adhesion strength between 
the hybrid module 10 and the mother circuit board 50 is 
improved. Connecting the thermal-conductive film 52 to 
a ground pattern in the mother circuit board 50 could 
provide stabilized electrical characteristics, especially in 
high-frequency region, and improved heat radiation. 
The heat radiation plate 14 and thermal-conductive film 
52 does not necessarily require soldering. They may be 
only abutted on each other directly or through a thermal- 
conductive resin. Furthermore, the heat radiation plate 
14 may be directly abutted on the surface ot the mother 
circuit board 50 without the thermal-conductive film 52. 
[0042] As described above in detail, heat generated 
by the circuit component 1 3 in the present hybrid module 
10 is transferred from the surface of the circuit compo- 
nent 1 3 to the mother circuit board 50 through the ther- 
mal-conductive resin 24 and the heat radiation plate 14. 
Thus, the heat is radiated without passing through the 
substrate 11 , resulting in improved heat radiation. In this 
case, the heat radiation plate 14 is bonded to the surface 
of the circuit component 1 3throughthethermal-conduc- 
~tive resin 247theref ore, heat generated by the circuit 
component 1 3 is efficiently transferred to the mother cir- 
cuit board 50. Especially, because of a predetermined 
surface roughness of the heat radiation plate 1 4, it trans- 
fers heat efficiently. In addition, the plating applied to the 
heat radiation plate 14 improves the bonding strength 
between the thermal-conductive film 52 and the heat ra- 
diation plate 14. Thus, the heat transfer becomes more 
efficiently and the bonding strength is improved. The 
space in the second cavity which is not occupied by the 
circuit component 13 is also filled with the thermal-con- 
ductive resin 24, which improves the heat radiation fur- 
ther. 

[0043] Because heat generated by the circuit compo- 
nent 1 3 is efficiently radiated from the hybrid module 10 
without intervention of the substrate 11, the substrate 11 
may be made of various materials without being restrict- 
ed by their heat conductivity. Consequently, the hybrid 
module 10 can be manufactured at low cost. 
[0044] In addition, the size of the hybrid module 10 
can be minimized because the heat radiation plate 14 
and the circuit component 1 3 is contained in the first and 
second cavities 20, 21 provided in the first surface 18. 
[0045] The sizes of the first and second cavities 20, 
21 are defined as described eariier. That is, the size of 
the second cavity 21 is determined with respect to the 
circuit component 1 3, therefore it is avoided that the sec- 
ond cavity is made larger than necessary and the area 
on the substrate 11 can be used efficiently. This allows 
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the size reductior the hybrid module 1 0. This also ta- 
cilitates positioniric, of the circuit component 13 when 
nnounted in the second cavity 21, and the component 
1 3 can be mounted easily in it, 

[0046] Because the depth of the second cavity 21 is 
also determined with respect to the size of the circuit 
component 1 3, a constant thickness of the thermal-con- 
ductive resin 24 between the circuit component 13 and 
the heat radiation plate 14 is assured. Thus, their ther- 
mal resistance is evened out. 

[0047] Furthermore, because the size ot the first cav- 
ity 20 is determined with respect to the second cavity 
21 , therefore it is avoided that the first cavity is made 
larger than necessary and the area on the substrate 11 
can be used efficiently. This allows the size reduction of 
the hybrid module 10. 

[0048] Because the depth of the first cavity 20 is de- 
termined with respect to the thickness of the heat radi- 
ation plate 14, the first surface 18 ot the substrate 11 is 
substantially flush with the heal radiation plate 14. This 
means that the bottom surface of the hybrid module 10 
becomes smooth. This facilitates mounting the hybrid 
module 10 onto the mother circuit board 50. Especially, 
the adhesion strength between heat radiation plate 14 
and the thermal-conductive film 52 of the mother circuit 
board 50 is improved. The adhesion strength between 
the heat radiation plate 14 and the substrate 11 is im- 
proved because the heat radiation plate 1 4 is embedded 
in the substrate 11 . 

[0049] Stress caused by variations in temperature 
and humidity between the substrate 11 and the circuit 
component 13 is reduced because the substrate 11 is 
made of ceramics having a linear expansion coefficient 
equivalent to that of the circuit component 1 3. This pre- 
vents the circuit component 13 from being delaminated 
from the substrate 11 and assures high reliability. 
[0050] Furthermore, because the linear expansion 
coefficient of the thermal-conductive resin 24 is approx- 
imately equal to those of the circuit component 13, the 
heat radiation plate 14. and the substrate 11; stresses 
occurring between the circuit component 13, the heat 
radiation plate 14 and the interior surface of the first cav- 
ity 20 is reduced. This prevents the heat radiation plate 
14, the circuit component 13 and the substrate 11 from 
being delaminated each other under temperature vari- 
ations during, for example, heat cycle test. This prevents 
an increase in the thermal resistance and a decrease in 
the adhesion strength, resulting in a stable heat radia- 
tion. 

[0051] Stress on the circuit comionent 13 which is 
caused by temperature variations during, for example, 
heat cycle test is reduced; because the linear expansion 
coefficient of the sealing resin 23 is approximately equal 
to those of the circuit component 1 3 and substrate 11 . 
This prevents poor junction between the substrate 11 
and circuit component 13 caused by peeling-off the 
sealing resin 23. and destruction of the circuit compo- 
nent 13. 


[0052] In the present embodiment, a material having 
a linear expansion coefficient a3 approximately equal to 
the linear expansion coefficients at and a2 of the sub- 
strate 11 and the circuit component 13 is used as the 

5 sealing resin 23. However, materials of a linear expan- 
sion coefficient a3 which is 20 ppm/°C or less may be 
used to obtain substantially similar effect. 
[0053] As the sealing resin 23, a resin may be used 
which has low viscosity of 2000 cps or less and contains 

TO fillers of 10 ^im or less in diameter. In that case, the gap 
between the bottom surface of the second cavity 21 and 
the circuit component 13 can be easily filled with the 
sealing resin 23 during manufacturing, even if the gap 
is reduced by minimizing the module. 

IS [0054] Using a silicone-based resin of high moisture 
resistance as the sealing resin 23 enhances the preven- 
tion of moisture penetration into between the bottom 
surface of the second cavity 21 and the circuit compo- 
nent 13. This ensures the prevention of a short circuit 

20 between the terminal electrodes of the circuit compo- 
nent 1 3 due to moisture penetration. That is, the mois- 
ture resistance and reliability of the circuit component 
13 are improved further 

[0055] Although a material having a linear expansion 

25 coefficient oS which is approximately equal to the linear 
expansion coefficients cx2 and a4 of the circuit compo- 
nent 13 and the heat radiation plate 14 is used as the 
thermal-conductive resin 24 in the present embodiment, 
materials of a linear expansion coefficient aS of 30 ppm/ 

30 °C or less may be used. Furthermore, resins of a lower 
Young's modulus (elasticity), preferably 1000 kgf/mm^ 
or less, may be used. The Young's modulus of the ther- 
mal-conductive resin 24 can be decreased by mixing in- 
sulating fillers such as AlaOa, AIN, BN or conductive fill- 

35 ers such as Ag and Cu into the resin, f^ixing fillers into 
the themnal-conductive resin 24 increases its thermal 
conductivity and decreases its themnal resistance. 
[0056] Resins which have a low viscosity of 5000 cps 
or less and contains fillers of 10 |im or less in diameter 

40 may be used as the thermal-conductive resin 24. This 
allows the thickness of the themnal-conductive resin 24 
to be reduced, thereby minimizing the hybrid module 1 0. 
This also decreases the thermal resistance and increas- 
es heat radiation efficiency of the module 10. 

45 [0057] In the present embodiment, a GaAs MES type 
FET is used as the circuit component 13 for high-fre- 
quency power amplification. This type of FET generates 
less heal because of the fast motion of the electrons in 
the device. The linear expansion coefficient of GaAs is 

50 6 ppm/°C, whicn is greater than that of silicon (Si) and 
approaches the linear expansion coefficients of the sub- 
strate 11, heat radiation plate 14, and thermal-conduc- 
tive resin 24, therefore stress caused by temperature 
variations is small. Thus, the FET is suitable for a device 

55 constituting the circuit component 1 3 of the hybrid mod- 
ule 10. 

[0058] Other devices may be used instead of this 
GaAs t\AEQ type FET. For example. GaAS PHEMTtype 
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FETs or InP-based FETs may be used. Where a GaAs 
PHEMT type FET is used, heat generated by the device 
will be decreased further because the moving velocity- 
of electrons in the device is faster than that in the MES 
FET. Where an InP-based FET is used, heat generated 
by the device will be decreased further because the 
moving velocity of electrons in the device is faster than 
that in the GaAs FET In addition, the linear expansion 
coefficient of InP is 5 ppnn/*C. which is greater than that 
of silicon (Si), therefore stress caused by temperature 
variations is reduced. Thus, this FET is suitable for a 
device constituting the circuit component 1 3 of the hy- 
brid module 10. 

[0059] Preferably, SiN or SiOa film, or a combination 
thereof is used as an insulation (passivation) film be- 
tween the terminal electrodes of the circuit component 
1 3. These films prevent deterioration of the device char- 
acteristics, even if the moisture resistance of the sealing 
resin is insufficient. These films also ensure the reliabil- 
ity of the device in case of moisture penetration that may 
be caused by a void in the sealing resin 23. In addition, 
these films ensure reliability of the device, even if a large 
number of residual ions are in the sealing resin 23, 
thereby providing the sealing resin 23 at a low cost. 
[0060] Although the flip-chip mounting is used for the 
circuit component 13 in the present embodiment, the 
present invention is not limited to this method. For ex- 
ample, the beam lead method may be used for mounting 
the circuit component. 

[0061] I FTthe" above descriptioh"~of the embodiment, 
hybrid module 1 0 including a single heat-generating cir- 
cuit component 13 is described by way of example. 
However, a hybrid module containing a plurality of circuit 
components 13 may be implemented. In such a case, 
similar effects to the present embodiment can be 
achieved. If a plurality of heat-generating FETs is used, 
it is preferable that a circuit component having the plu- 
rality of FETs formed on a single GaAs die is used. This 
allows the mounting area to be reduced, compared with 
the case where the each of the plurality of FETs is indi- 
vidually mounted on the module, and the mounting cost 
to be reduced because the plurality of FETs is mounted 
at a time. In addition, this circuit component can easily 
be contacted with the heat radiation plate 14 or the 
mother circuit board 50, and even out the heat radiation, 
compared with the case where each of the plurality of 
FETs is mounted separately on the module. 
[0062] The heal radiation plate 1 4 used in the present 
embodiment may be replaced with a heat radiation plate 
61 shown in Fig. 7. Fig. 7 is an exterior perspective view 
of another exemplary hybrid module viewed from under 
a first surface. The heat radiation plate 61 has an ad- 
justment hole 62 in its center. The adjustment hole 62 
is used for adjusting the thickness of the thermal-con- 
ductive resin 24 between the heat radiation plate 61 and 
the circuit component 13. The adjustment hole 62 is 
filled with the thermal-conductive resin 24. When man- 
ufacturing the hybrid module 60, a somewhat larger in- 


jection amount of the thermal-conductive resin 24 than 
necessary amount is set to be injected during the injec- 
tion process of the thermal-conductive resin 24. The ad- 
justment hole 62 is filled with an excess amount of the 

s thermal-conductive resin 24 when the heat radiation 
plate 61 is fitted into the first cavity 20 and pressed in 
the direction of the circuit component 13. If the amount 
of the thermal-conductive resin 24 is particularly large, 
the excess amount of the thermal -conductive resin 24 

TO discharges through the adjusting hole 62. This means 
that the thickness of the thermal-conductive resin 24 be- 
tween the heat radiation plate 61 and the circuit compo- 
nent 13 is evened out. The resin which overflowed 
through the hole 62 may be removed by using an ap- 

75 propriate method. 

[0063] Although heat generated by the circuit compo- 
nent 13 is transferred to the mother circuit board 50 
through the heat radiation plate 14 in the present em- 
bodiment, the heat radiation plate 14 may be omitted 

20 and the flip side of the circuit component 1 3 may be di- 
rectly abut on or soldered to the conductive-film 52, as 
shown in Fig. 8. 

[0064] Now, a second embodiment of the present in- 
vention will be described with reference to the Fig. 9. 
2S Fig. 9 is a cross-sectional view of a hybrid module. In 
this figure, the same elements have the same referenc- 
es as in the first embodiment. 

[0065] A hybrid module 80 differs from the hybrid 
module 10 of the first embodiment in circuit patterns 
30 formed'on the respective substrates The differences 
will be described below. 

[0066] A substrate 81 of the hybrid module 80 is a mul- 
tilayer substrate similar to the substrate 11 described 
above and has circuit patterns 82 formed in its top sur- 

35 face layer and internal layers. The substrate 81 has tri- 
plate strip lines 83 as the circuit patterns 82. The triplate 
strip lines 83 consist of a signal line 83a, and two ground 
lines 83b, 83c above and below the signal line 83a. The 
ground line 83c is formed in an internal layer of the sub- 

40 strate 81 . The signal line 83a serves as a signal supply 
line to and a signal output line from the circuit compo- 
nent 1 3. 

[0067] In such a hybrid module 80, the strip lines 83 
are arranged as a triplate tine in which at least one of 

45 the two ground lines 83b, 83c above and below the sig- 
nal line 83a is formed in a internal layer of the substrate 
81 , therefore the volume of the substrate 81 can be used 
efficiently and the size of the module 80 can be reduced. 
Other effects and advantages of the second embodi- 

50 ment are similar to those of the first embodiment. 

[0068] Now. a third embodiment of the present inven- 
tion will be described with reference to Fig. 10. Fig. 10 
shows a cross-sectional view of a hybrid module. In this 
figure, the same elements have the same references. 

55 [0069] A hybrid module 90 differs from the hybrid 
module 10 of the first embodiment in circuit patterns 
formed on the respective substrates. The differences 
will be described below. 
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[0070] A substrate 91 of the hybrid module 90 is a mul- 
tilayer substrate similar to the substrate 11 described 
above and has circuit patterns 92 formed in its top sur- 
face layer and internal layers. The circuit patterns 92 are 
also formed on the bottom surface of a second cavity 5 
21 and a circuit component 13 is mounted onto these 
circuit patterns 92. In a layer of the substrate 91 , in which 
the circuit component 13 is mounted, a ground conduc- 
tor pattern 93 insulated from the circuit patterns 92 are 
formed in regions not occupied by the circuit patterns io 
92. The ground conductor pattern 93 connect to a ter- 
minal electrode 94 used as a ground. 
[0071] This hybrid module 90 allows tor improved iso- 
lation between chip-form electronic components 12 and 
the mother circuit board 50, and between the circuit pat- ^5 
terns 92 mounted on the substrate 90 and the mother 
circuit board 50. Thus, the uniform hybrid module having 
good properties is provided. In addition, the shielding 
effect in the circuit component 1 3 could be improved fur- 
ther by connecting the heal-conductive film of the moth- 
er circuit board which joined with the heat radiation plate 
14 to the ground when mounting the hybrid module on 
the mother circuit board. Other effects and advantages 
of the third embodiment are similar to those of the first 
embodiment. 

[0072] The embodiments described herein are in- 
tended to illustrate the present invention by way of ex- 
ample, but not limit the scope of the invention. The 
scope of the invention is set forth in the accompanying 
claims and all variations which fall within the scope and 30 
spirits of the claims are intended to be contained in the 
present invention. 

Claims 3S 

1. A hybrid module comprising a substrate (11, 81, 91) 
and a heat -gene rating circuit component (13) 
mounted on said substrate (11,81,91), said hybrid 
module being mounted on a mother circuit board 40 
(50) with a first surface (1 8) thereof opposed to said 
mother circuit board (50), wherein: 

a cavity (19) is formed on said first surface (18) 
of said substrate (11,81,91 ), and 45 
said circuit component (13) is facedown-bond- 
ed in said cavity (19). 

2. The hybrid module according to claim 1 , wherein: 

said substrate (11 , 81 , 91) is a multilayer sub- so 
strate formed by laminating a plurality of sheets of 
a predetermined thickness. 

3. The hybrid module according to claim 2, wherein: 

55 

Strip lines (83) are formed in said substrate 
(81), and 

at least one of said strip lines (83) is a triplate 


strip line (83) having at least one ground line 
(83c) formed in an internal layer of said sub- 
strate (11). 

4. The hybrid module according to claim 1, wherein: 

a layer of said substrate (91) on which said cir- 
cuit component (13)is mounted has circuit pat- 
terns (92) which are connected with terminal 
electrodes of said circuit component (1 3), and 
regions of said layer which are not occupied by 
said circuit patterns (92) are covered with a 
ground conductor pattern (93) insulated from 
said circuit patterns (92). 

5. The hybrid module according to claim 1, wherein: 

said cavity (19) formed on said substrate (11, 
81, 91) consists of a first cavity (20) provided 
on said first surface (18) and a second cavity 
(21 ) provided on the bottom surface of said first 
cavity (20), 

said circuit component (13) is facedown -bond- 
ed in said second cavity (21 ), and 
a thermal-conductor element is provided in said 
first cavity (20) for transferring heat generated 
in said circuit component (13) to said mother 
circuit board (50). 

6. The hybrid module according to claim 5, wherein: 

said thermal-conductor element includes a 
thermal-conductive heat radiation plate (14, 61). 

7. The hybrid module according to claim 5, wherein: 

said thermal-conductor element includes a 
thermal-conductive heat radiation plate (1 4, 61 ) and 
a thermal-conductive resin (24) for bonding said 
heat radiation plate (14, 61) to said circuit compo- 
nent (13). 

8. The hybrid module according to claim 5, 6, or 7, 
wherein: 

the dimensions of said first cavity (20) are 
such that a predetermined distance is provided be- 
tween a sidewall of said first cavity (20) and an edge 
of said second cavity (21 ). 

9. The hybrid module according to claim 8, wherein: 

said predetermined distance between the 
sidewall of said first cavity (20) and the edge of said 
second cavity (21) is from 0.1 mm including to 0.5 
mm Including. 

10. The hybrid module according to claim 6 or 7, where- 
in: 

the depth of said first cavity (20) is in a prede- 
termined range with respect to the thickness of said 
heat radiation plate (14, 16). 
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11. The hybrid module according to claim 10, wherein: 

said predetermined range is from -0.1 mm in- 
cluding to +0.1 mm including. 

12. The hybrid module according to claim 5, 6, or 7, 5 
wherein: 

the dimensions of said second cavity (21 ) are 
such that a predeternnined distance is provided be- 
tween a sidewall of said second cavity (21) and said 
circuit component (13). 

13. The hybrid module according to claim 12, wherein: 

said predetermined distance between the 
sidewall of said second cavity (21 ) and said circuit 
component ( 1 3) is from 0. 1 mm including to 1 .0 mm ^5 
including. 

14. The hybrid module according to claim 5, 6, or 7, 
wherein: 

the depth of said second cavity (21 ) is smaller 
by a predetermined value than, or equal to, the 
height of said circuit component (13) from the bot- 
tom surface of said second cavity (21). 

15. The hybrid module according to claim 14. wherein: 25 

said predetermined value is over 0 mm to 0.2 
mm or less. 

16. The hybrid module according to claim 6 or 7, where- 
in: " ~ " ~~ " ~ ^0 

said heat radiation plate (14, 61) is substan- 
tially flush with said first surface (18) of said sub- 
strate (11. 81, 91). 

1 7. The hybrid module according to claim 6 or 7, where- 35 

in: 

the dimensions of said heat radiation plate 
(14, 61) are such that a predetermined distance be- 
tween a sidewall of said first cavity (20) and an edge 
of said heat radiation plate (14, 61) is provided. 40 

18. The hybrid module according to claim 17, wherein: 

said predetermined distance is from 0.01 mm 
including to 0.3 mm including. 

45 

19. The hybrid module according to claim 7. wherein: 

a gap between the sidewall of said second 
cavity (21) and said circuit component (13) is filled 
with said thermal-conductive resin (24). 

so 

20. The hybrid module according to claim 7, wherein: 

a surface of said heat radiation plate (14, 16) 
which contacts with said thermal-conductive resin 
(24) has a predetermined surface roughness. 

55 

21 . The hybrid module according to claim 6 or 7, where- 
in: 

plating is applied to the surface of said heat 


radiation plate (14. 61). 

22. The hybrid module according to claim 7. wherein: 

said substrate (11. 81, 91) consists of a ce- 
ramic substrate having a linear expansion coeffi- 
cient equivalent to that of said circuit component 
(13). 

23. The hybrid module according to claim 22, wherein: 

said circuit component (1 3). said heat radiation 
plate (14, 61), and said substrate (11, 81. 91) 
all consist of elements of approximately the 
same linear expansion coefficient, and 
said heat radiation plate (14. 61) and said cir- 
cuit component (1 3) as well as the internal sur- 
face of said first cavity (20) are bonded together 
by a thermal-conductive resin (24) having ap- 
proximately the same linear expansion coeffi- 
cient as those of said circuit component (13). 
said heat radiation plate (14, 61), and said sub- 
strate (11. 81. 91). 

24. The hybrid module according to claim 22, wherein: 

said heat radiation plate (14. 61) and said cir- 
cuit component (13) as well as the internal surface 
of said first cavity (20) are bonded together by a 
thermal-conductive resin (24) containing fillers. 

25: The hybrid module according-to claim-22. wherein: 
space between the bottom surface of said 
second cavity (21 ) of said substrate (11,81,91) and 
said circuit component (13) and being not occupied 
by the electrically conductive connections of said 
circuit component (13) is filled with a resin (23) 
which has approximately the same linear expansion 
coefficient as those of said circuit component (13) 
and said substrate (11, 81 , 91 ). 

26. The hybrid module according to claim 22, wherein: 

space between the bottom surface of said 
second cavity (21 ) of said substrate (11 ,81 ,91) and 
said circuit component (13) and being not occupied 
by the electrically conductive connections of said 
circuit component (13) is filled with a resin (23) 
which has a linear expansion coefficient of 20 ppm/ 
°C or less. 

27. The hybrid module according to claim 22, wherein: 

space between the bottom surface of said 
second cavity (21) of said substrate (11,81,91) and 
said circuit component (13) and being not occupied 
by the electrically conductive connections of said 
mother circuit board (1 3) is filled with a moisture re- 
sistant silicone-based resin (23). 

28. A method for manufacturing a hybrid module in 
which a Keat-generating circuit component (13) is 
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mounted on a substrate (11 . 81, 91) having a cavity 
(19), said nnethod connprising processes of: 

laminating a plurality of sheets (101, 102, 103, 
104) having a predetermined thickness, each 5 
of which has a hole corresponding to said cavity 
(19), to fabricate said substrate (11. 81, 91), 
and 

mounting said circuit component (13) in said 
cavity (19) of said substrate (11, 81. 91). io 

29. A method for manufacturing a hybrid module com- 
prising a substrate (11), a heat-generating circuit 
component (13) mounted on said substrate (11), 
and a heat radiation plate (61) for said circuit com- 
ponent (13), said method comprising processes of: 

fabricating said substrate (11) having a first 
cavity (20) and a second cavity (21 ) formed on 
the bottom of said first cavity (20), 
mounting said circuit component (13) in said 
second cavity (21) of said substrate (11), 
injecting a thermal-conductive resin (24) into 
said first cavity (20), and 

fitting said heat radiation plate (61 ) having an 25 
adjustment hole (62) into said first cavity (20) 
in which said thermal-conductive resin (24) is 
injected. 

30. A method for mounting a hybrid module (10, 60= 70, 30 
80, 90) onto a mother circuit board (50) in which said 
hybrid module comprises a substrate (11 ), a circuit 
component (13) mounted on said substrate (11), a 
heat radiation plate (61) for said circuit component 
(13), and terminal electrode (17). said mounting 35 
method, wherein: 

said terminal electrode (17) is bonded with a 
conductor pattern (51 ) formed on said mother 
circuit board (50), and "^o 
said heat radiation plate (14, 61 ) is bonded with 
a thermal-conductive film (52) formed on said 
mother circuit board (50). 
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